S U M M A R Y Five patients are described in whom a benign or malignant thoracolumbar tumour, producing increased level of cerebrospinal fluid protein, was associated with hydrocephalus or papilloedema or both. A review of the clinical and laboratory features in these and 40 published cases underlines the difficulty in explaining the increased intracranial pressure in such patients. Slow absorption of cerebrospinal fluid as a result of the elevated protein levels or recurrent subarachnoid bleeding may play a part. When patients are discovered to have communicating hydrocephalus or a syndrome resembling benign intracranial hypertension, the finding of increased cerebrospinal fluid protein or any symptoms or signs relative to the spine should suggest the possibility of an intraspinal tumour.
It is well known that patients harbouring spinal tumours may present with symptoms and signs of raised intracranial pressure, or that such symptoms may dominate the clinical picture. While this is perhaps understandable in the case of a tumour in the cervical region, the causes of the pressure changes are less clear when the tumour is situated in the lower spine. In many of the reported cases the cerebrospinal fluid protein content has been markedly raised, but this is not invariable. The present report adds five cases to the 40 in the literature, and illustrates the problematic aspects of this syndrome, as regards clinical presentation and pathophysiology.
Case reports CASE 1 (NATIONAL HOSPITAL NO. A43495) A 49 year old housewife complained of headache, depression, memory loss, and gait disturbance which had progressed over a period of six months. She had been incontinent of urine for two months. Examination revealed moderate dementia and a wide-based, shuffling gait. There was bilateral papilloedema, but no other focal signs were present. Plain skull radiographs were normal, as were cranial isotope studies, but a right carotid Plain radiographs of the spine showed no abnormality, but combined lumbar and cisternal myelography demonstrated a 20 mm diameter smooth intradural extramedullary mass at the lower border of T12 vertebra. The lower part of the spinal cord was displaced to the left, and there were some dilated vessels above the block. The theca appeared irregular. A neurofibroma was removed from the right LI root at laminectomy. Three weeks later, the patient's pain was gone, her mental state was normal, and the papilloedema had resolved. Comment In this patient, who presented clinically as hydrocephalus with papilloedema, the cerebrospinal fluid protein content above the block was raised, and myelography was suggestive of some arachnoiditis. The pneumographic findings were those of a convexity block hydrocephalus. 737 CASE 2 (NATIONAL HOSPITAL NO. A90674) A 62 year old housewife complained of gait disturbance, with falls, for four months. Her memory had deteriorated, and one week before admission she had become confused and began vomiting. She was drowsy and confused, her neck was stiff, and Kernig's sign was positive on both sides. Fundoscopy showed no abnormality. She could not raise the eyes more than 10 above the horizontal. The tendon reflexes were brisk, and both plantar reflexes were extensor. Lumbar puncture showed xanthochromic fluid, with a protein level of 20 g/l. Radiographs of the skull showed demineralisation of the dorsum sellae, and computerised tomography (EMI scanning) demonstrated hydrocephalus involving all four ventricles: the basal cisterns were prominent, and there were periventricular white matter lucencies (Fig. 2) Dardenne (1967) of cases up to that date, and Arseni and Maretsis, 1967; Nasser and Correll, 1968; Nicola and Nizzoli, 1969; Mittal et al., 1970; Gibberd et al., 1972; Neil-Dwyer, 1973; Luzecky et al., 1974; Ammerman and Smith, 1975) . The tumours included 24 of the ependymoma series, and 11 were extramedullary; the types of tumours and their levels are shown in Fig. 6 . About half of the patients gave a history of previous spinal or lower limb problems, but in most cases it was the symptoms of raised intracranial pressure which gave rise to hospital admission. However, in most of the larger reported series of intramedullary spinal tumours (as three-quarters of these lesions were) the proportion of patients who complained of pain as the first symptom has not been higher than 50-70% (Slooff et al., 1964 The skull radiograph was mentioned in 11 cases: it was normal in three, and showed nonspecific manifestations of raised intracranial pressure in the rest. Pneumography was carried out in 29 cases and was normal in seven, although one of these patients had evidence of raised intracranial pressure on the skull films. There were thus 22 patients in whom the ventricles were shown to be dilated, although the degree of enlargement was said to be no more than slight in seven. In a number of cases the severity of the hydrocephalus was unstated. (Martins et al., 1972; Pasztor et al., 1975) . Since many of these lesions have been confined to the lower lumbar or sacral regions, such an explanation will not suffice.
Elevation of the cerebrospinal fluid protein levels is a striking feature, and it is tempting to incriminate interference with the absorption of fluid at the arachnoid villi as the cause of the intracranial changes. This argument is strengthened by the occasional observation of papilloedema in other conditions giving increased protein concentrations. Thus, Morley and Reynolds (1966) described four cases of the GuillainBarre syndrome with papilloedema from the National Hospital, and reviewed 27 similar cases from the world literature. The protein levels exceeded 4 g/l in 18 cases, and were below 2 g/l in only five; the spinal fluid pressure had been raised in 19 patients. However, there was no clear correlation between the time course of the increased proteins and the progress of the papilloedema in at least five cases. Moreover, as Joynt (1958) had pointed out, such air studies as had been performed on a small number of patients developing papilloedema with the Guillain-Barr6 syndrome or with poliomyelitis had shown ventricles of normal size, while brain biopsy indicated the presence of cerebral oedema.
In addition to the patients described in this paper, we have seen bilateral papilloedema in one patient with hypertrophic polyneuritis (cerebrospinal fluid protein 22.9 g/l), three patients with idiopathic spinal arachnoiditis (levels between 5.3 and 28 g/l), two patients with unexplained elevation of the spinal fluid protein concentrations, one of whom showed the picture of communicating hydrocephalus at pneumography, and in three patients after operation for intraspinal tumours, also with increased protein concentrations.
Nevertheless, the cerebrospinal fluid protein level of most published cases of spinal tumours with raised intracranial pressure has been below the mean figure of 9.35 g/l given for intramedullary tumours by Slooff et al. (1964) : only nine of 301 patients in their series showed papilloedema. In four of these the tumours were in the cervical region, in another the ocular changes occurred only after operation, while in a sixth patient the relationship of operation and optic disc swelling was not clear.
Is haemorrhage from the tumour the important factor? It had occurred in about half the reported cases, but in the remainder no changes were found either in the spinal fluid or at operation to suggest previous bleeding episodes. Although deposition of protein or breakdown products of blood could cause communicating hydrocephalus by interfering with access of the cerebrospinal fluid to the arachnoid villi, other objections arise-notably, for example, the absent or slight ventricular dilatation in more than 30% of the cases with papilloedema and, indeed, the development of papilloedema in the majority, who might be expected to develop a syndrome more similar to normal pressure hydrocephalus. Papilloedema is an uncommon manifestation of the hydrocephalus after subarachnoid haemorrhage, whereas ventricular dilatation is often marked (Kibler et al., 1961; Shulman et al., 1963) . Not more than four from among the published cases or our own series presented clinically as normal pressure hydrocephalus. It is possible that a number of spinal tumours do produce hydrocephalus without consequent papilloedema, and that this complication is relieved by operation on the tumour before becoming clinically apparent. But, if this were the case, more examples of spinal tumour would have been expected among patients presenting with normal pressure hydrocephalus or similar syndromes.
The high proportion of ependymomas among the reported cases probably relates to the pre-ponderance in the region of the lower spinal cord and cauda equina of this type of tumour, which may seed throughout the cerebrospinal fluid spaces (although generally in a caudal direction), and tumour cells could block the arachnoid villi. This does not account for the similar picture in patients with benign tumours, nor does it explain the rapid improvement after operation. Our cases 4 and 5 clearly had evidence of more diffuse disease at the time of death, but there was no clinical or radiological evidence of dissemination of the tumour at the time of presentation.
The rapid postoperative improvement is also difficult to explain if the raised intracranial pressure results from blocking of the villi as a result of high protein levels in the cerebrospinal fluid or of chronic repeated haemorrhage in patients without evidence to suggest acute haemorrhagic episodes. In cases of subarachnoid haemorrhage from other causes, prolonged hydrocephalus frequently results from a single bleed. It is conceivable that the spinal operation also acts as an effective decompression of the system. None of the published accounts gives details of the cerebrospinal fluid protein levels after operation, except in cases with recurrent tumour or arachnoiditis.
A further possible explanation is that certain tumours exude not only protein, but considerable quantities of fluid. Any compromise of the mechanisms for absorption could produce elevation of the fluid pressure, causing hydrocephalus or a syndrome resembling benign intracranial hypertension, as in our case 3. In the latter condition the volume of the cerebrospinal fluid is increased (Johnston, 1973; Martins, 1973) ; both disturbances could be present in cases of spinal tumour. However, the thoracolumbar meningioma described by Mittal et al. (1970) was extradural and associated with a lumbar fluid protein content of only 0.8 g/l.
The mechanism of the development of papilloedema in the cases without hydrocephalus remains to be considered. "The entire story of the pathogenesis of papilloedema has not yet been told" (Duke-Elder and Scott, 1971) , and although it is generally accepted that pressure on the central retinal vein is the key factor in many cases, such theories as blockage of tissue fluid drainage, forcing of fluids along the nerve sheath, or even direct spread of cerebral oedema along the optic nerve have never been entirely discredited. Their possible role in this situation must be a matter of conjecture.
It is clear that diagnosis of the spinal lesion, which may well be benign, may be delayed while attention is focused on the more striking intracranial problems. This is underlined by the fact Leone Ridsdale and Ivan Moseley that five of the previously reported patients went on to develop optic atrophy, which might possibly have been avoided. We thus advise careful myelography in any patient presenting with a picture of communicating hydrocephalus (particularly with papilloedema) or of probable benign intracranial hypertension in whom there is any indication that a spinal lesion may be present-for example relatively minor increase in the cerebrospinal fluid protein, or appropriate symptoms or signs however slight.
Note added in proof Since this article was submitted for publication, we have seen a 16 year old girl (National Hospital No. A9951 1) who had been treated for intractable back pain by various conservative methods over the preceding five years. In the five weeks before admission she developed headaches, diplopia, and meningism. She was found to have bilateral papilloedema. Plain radiographs showed increased convolutional markings in the skull and expansion of the spinal canal from the T12 to L3 vertebrae. Cisternal myelography revealed a massive tumour causing a complete block at the L2 level; there was also irregularity in the thoracic region, suggesting arachnoiditis or tumour deposits. The spinal fluid protein was in excess of 1 g/l. An ependymoma was removed at operation. The papilloedema improved, and the EMI scan, which before operation had shown enlargement of the whole ventricular system, now showed ventricles at the upper limit of normal in size. 
